Two rhesus monkeys performed a distance discrimination task in which they reported whether a red square or a blue circle had appeared farther from a fixed reference point. Because a new pair of distances was chosen randomly on each trial, and because the monkeys had no opportunity to correct errors, no information from the previous trial was relevant to a current one. Nevertheless, many prefrontal cortex neurons encoded the outcome of the previous trial on current trials. A smaller, intermingled population of cells encoded the spatial goal on the previous trial or the features of the chosen stimuli, such as color or shape. The coding of previous outcomes and goals began at various times during a current trial, and it was selective in that prefrontal cells did not encode other information from the previous trial. The monitoring of previous goals and outcomes often contributes to problem solving, and it can support exploratory behavior. The present results show that such monitoring occurs autonomously and selectively, even when irrelevant to the task at hand.
Introduction
Autonomous coding refers to information represented, processed, and stored spontaneously, based on the inherent characteristics of a neural network, as opposed to information recognized to be of behavioral relevance through training, experience, and feedback. For example, primates need no training or conditioning for their visual areas of cortex to encode the features of objects. Visual areas encode visual features autonomously, usually in the form of conjunctions among several features. Understanding more enigmatic areas of cortex, such as the prefrontal cortex (PF), would be advanced by appreciating the information that its networks encode autonomously.
Our dataset on PF activity during a distance discrimination task (Genovesio et al., 2009 (Genovesio et al., , 2011 (Genovesio et al., , 2012 allowed us to examine autonomous coding in both the dorsolateral and caudal parts of the PF. In this task, each trial required the monkey to make a perceptual decision about which of two stimuli appeared farther from a fixed reference point, with no informational carryover from the previous trial. Specifically, we explored: (1) whether PF neurons monitored irrelevant information about past events, even when this information had never been relevant to the monkeys; and (2) whether information about past events was encoded comprehensively or selectively.
It is well known that neurons in the PF encode behavioral goals and outcomes (Genovesio et al., 2005 (Genovesio et al., , 2006a (Genovesio et al., , 2008 (Genovesio et al., , 2012 Saito et al., 2005; Passingham and Wise, 2012; Yamagata et al., 2012) . Although many studies have concentrated on the representation of future goals (Rainer et al., 1999) and predicted outcomes (Roesch and Olson, 2003; Wallis and Miller, 2003; Tsujimoto and Sawaguchi, 2005; Kennerley and Wallis, 2009 ), ample evidence shows that PF also encodes previous goals and outcomes (Barraclough et al., 2004; Tsujimoto and Sawaguchi, 2004; Genovesio et al., 2006a) . Neurophysiological studies have also demonstrated that PF neurons encode task-irrelevant features of the environment (Mann et al., 1988; Lauwereyns et al., 2001; Genovesio et al., 2006b; Kim et al., 2008) . We found, for example, that PF cells encoded the previous goal on a spatial delayed-response task (Tsujimoto et al., 2012) , although nothing about the previous trial had any relevance to a current trial. However, in this example and the others cited above, the monkeys had previously performed tasks in which the encoded information had been relevant. Only rarely has training experience involving the irrelevant information been ruled out in studies of this kind (Chen et al., 2001) , and that report involved only the encoding of extraneous features of a behavior-guiding cue, with no analysis of previous goals or outcomes. Accordingly, the present analysis is the first to examine the encoding of irrelevant information about previous outcomes and goals in monkeys lacking experience on any task that required the use of such information.
Materials and Methods
Subjects and apparatus. Two adult male rhesus monkeys (Macaca mulatta), 8.5 and 8.0 kg, served as subjects in this study. All procedures followed the Guide for the Care and Use of Laboratory Animals (1996, SBN 0-309-05377-3) and were approved by the National Institute of Mental Health Animal Care and Use Committee.
The two monkeys sat 29 cm from a video screen (Fig. 1a) with their heads fixed. Within reach there were three 3 ϫ 2 cm switches that detected hand contact with infrared sensors (Fig. 1a7 ) . These switches were located just beneath the video screen, from left to right, with a separation (center-to-center) of 7 cm. Both monkeys contacted the switches with their left hands.
The stimulus material consisted of a fixed reference point at the center of the video screen, which was a 0.6°(diameter) solid white circle, along with a 3°(diameter) solid blue circle and a 3°ϫ 3°solid red square.
Task events. Figure 1a illustrates the task. On each trial, two stimuli, a red square and a blue circle, appeared sequentially at different distances from a reference point. S1 refers to the first stimulus, regardless of its color, shape, or distance from the reference; S2 refers to the second stimulus.
A trial began when the monkey touched the central key, at which time the white circle appeared at the center of the screen (Fig. 1a1) . After a prestimulus period of either 400 or 800 ms, the two visual stimuli, the red square and the blue circle, appeared in succession for 1.0 s each (Fig.  1a2,a4 ) . One stimulus appeared directly below the reference point, and the other appeared directly above it. Both the order of the stimuli (red vs blue) and their location (above vs below screen center) were randomly selected. The relative distance of each stimulus from the reference point ranged from 8 to 48 mm from the reference point, in steps of 8 mm, corresponding to 1.6°, 3.2°, 4.7°, 6.3°, 7.9°, and 9.4°of visual angle (Fig. 1b) .
A delay period followed both S1 and S2 (Fig. 1a3,a5 ). The first delay period (D1) followed S1, and it usually lasted either 400 or 800 ms (randomly selected). In one set of sessions, however, we added a D1 period of 1200 ms, and in another we used a fixed D1 period of 1200 ms. The second delay period (D2), which followed S2, lasted either 0, 400, or 800 ms (randomly selected). At the end of the D2 period, both the red and blue stimuli reappeared, one 7.8°directly to the left of the fixation point and the other 7.8°to the right, randomly determined (Fig. 1a6 ) . This event served as the "go" cue for the monkeys' reaching movement. We allowed the monkeys 6 s to touch either the left or right switch, although in practice the monkeys made their choices much faster (Genovesio et al., 2011) . The correct choice, the one that would produce a fluid reward, was the switch beneath the stimulus that had appeared farthest from the reference point earlier on that trial (Fig. 1a7 ) . A variable intertrial interval (ITI), usually 700 -1000 ms, elapsed before the beginning of the next trial.
Surgery. Recording chambers were implanted over the exposed dura mater of the left frontal lobe, using aseptic techniques and isofluorane anesthesia (1-3%, to effect). Monkey 1 had two 18-mm-diameter chambers, one placed over the caudal PF cortex, the other over the dorsolateral PF cortex; Monkey 2 had a single 27 ϫ 36 mm chamber that encompassed both areas (Fig. 1c) .
Data collection. We used an infrared oculometer to record eye position (Arrington Recording). Single-cell activity was recorded using quartzinsulated platinum-iridium electrodes (0.5-1.5 M⍀ at 1 kHz) positioned by a 16-electrode drive assembly (Thomas Recording). The electrodes were arranged in a concentric recording head with 518 mm spacing. We discriminated single-unit potentials online with the Multichannel Acquisition Processor (Plexon) and confirmed each isolated waveform with Off Line Sorter (Plexon). The offline verification of unit isolation used principal component analysis, minimal interspike intervals, and clearly differentiated waveforms inspected individually for every isolated neuron. Inadequately isolated potentials were eliminated from the dataset before any additional analysis.
Eye position was not placed under experimental control because of the tendency of both monkeys to saccade to each stimulus when it appeared. However, the central reference point was the experimentally controlled fixation point in two companion tasks, a duration-discrimination task and a matching-to-sample task (Genovesio et al., 2009 (Genovesio et al., , 2012 , which In the illustrated example, the red square appeared farther from the central reference point (white circle) than did the blue circle. Therefore, when the two stimuli reappeared with the red stimulus to the left and the blue stimulus to the right (a6 ), the correct choice was to press the left switch. b, Distances of S1 and S2 from the central reference point. c, Penetration sites. Composite from both monkeys, relative to sulcal landmarks. AS, Arcuate sulcus; PS, principal sulcus.
explains why both monkeys tended to fixate the reference point during the prestimulus period and at the time that S1 appeared.
Task periods. We measured activity in several fixed temporal windows. The prestimulus period extended from 80 to 400 ms after the onset of the reference point (Fig. 1a1) ; the early S1 period was 80 -400 ms after the onset of S1 and the late S1 period lasted from 400 to 1000 ms after the onset of the 1000-ms-long S1 (Fig. 1a2) . The same time windows applied to the early S2 period and the late S2 period, relative to S2 onset (Fig.  1a4 ). For activity rates during the D1 period (Fig. 1a3,a5) , we took the interval from 80 to 400 ms after onset. The reaction and movement period (RMT) lasted from the "go" cue until goal acquisition.
Neurophysiological analysis. We performed one-way ANOVAs on activity during the prestimulus period to determine whether a given neuron might have encoded any of several factors: the outcome on the previous trial (reward or nonreward), the features of the previous goal (the red square or blue circle), the location of the previous goal (left or right), the ordinal position of the previous goal (first or second), the features of S2 (the red square or blue circle), the location of S2 (above or below screen center), and the distance of S2 from the reference point.
Then, to study the time course of the previous outcome and goal selectivity, we performed a three-way ANOVA with previous outcome, goal location, and features as factors.
We also computed the area under the receiver operating characteristic (ROC) curve (AUC) to measure the selectivity for encoding the previous outcome or goals, with an AUC value of 0.5 indicating no selectivity and 1.0 corresponding to maximal selectivity. A bootstrap analysis estimated the chance-level AUC by assigning the relevant activity to one of the two samples randomly, with repetition, 1000 times, averaged over the population.
For cells encoding some aspect of the goal, we calculated two strategy indices (SI) in each recording session and correlated them with activity in the prestimulus period related to two factors: goal location (left or right) and goal features (e.g., red or blue). We contrasted the number of trials on which the monkeys applied a win-stay/loose-shift strategy (WSt), with the number of trials on which they used a win-shift/loose-stay strategy (WSh). The first index was for goal location: SI location ϭ (WSt Ϫ WSh)/(WStϩ WSh), where WSt and WSh refer to goal location. The second index was for goal features: SI features ϭ (WSt Ϫ WSh)/(WSt ϩ WSh), in which WSt and WSh refer to the color and shape of the goal. Then we calculated modulation indices for the two kinds of goal coding. First, we calculated an absolute modulation index for goal location:
where A right was the mean activity rate during trials when the goal had been on the right on the previous trial and A left represents activity for goals to the left. Second, we calculated an absolute goal features index: ͉(A Blue Ϫ A Red )/(A Blue ϩ A Red )͉, where A Blue was the mean activity on trials with a previous blue goal and A Red represents activity for a previous red goal.
Histological analysis. Near the end of recording, we made electrolytic marking lesions (15 A for 10 s). Ten days later, the monkeys were deeply anesthetized and perfused through the heart with 10% formol saline. After sectioning the brain and staining the section for Nissl substance, we plotted the recording sites by reference to the marking lesions, pins inserted at the time of the perfusion, and structural magnetic resonance images (MRI) taken periodically before and between recording sessions. Although the entry points for more posterior recordings (Fig. 1c ) make it appear that many cells were located in the postarcuate cortex, reconstructions of the recording sites that take into account the angle and depth of penetrations, as well as the structural MRI data, show that nearly all recordings in the caudal PF cortex came from the prearcuate cortex (area 8). Neurons in and near the principal sulcus were mostly located in area 46.
Results
Behavior Both monkeys performed the task accurately by reaching to a touch pad in the same direction from center as the stimulus that had appeared farther from the reference, with mean scores of 78% and 80% correct for Monkeys 1 and 2, respectively. Easier discriminations were associated with both higher accuracy and faster response latencies (Genovesio et al., 2011 ).
An important feature of the experimental design was the fact that there was no correction trial after an incorrect choice. Nevertheless, we could test whether the monkeys attempted to correct previous errors by applying a lose-shift strategy, such as switching from the red square to the blue circle or from the left response to the right. Neither monkey adopted these strategies (Fig. 2) .
We also calculated the reaction times (RTs) for different classes of trials to evaluate whether there was a relationship between response speed and previous trial history. We first calculated the RTs after correct and error trials, separately (Table 1) . We found significantly faster RTs after correct trials than after error trials in both monkeys (t test; p Ͻ 0.001), a 31 ms difference in Monkey 1 and a 16 ms difference in Monkey 2. Then, we divided both after-correct and after-error trials into those with the same (stay) or a different (shift) goal as on the previous trial, in terms of either goal location (right or left) or goal features (blue or red). We compared the RTs between stay and shift trials for both types of goals, after both correct and error trials. We found a small but significant difference only in Monkey 1 (Table 1) , with a 2 ms faster RT after correct trials when the monkey shifted between red and blue goals (paired t test, t ϭ 3.03, p Ͻ 0.05) and a 14 ms faster RT after error trials when the monkey shifted between left and right goals (paired t test, t ϭ 3.3, p Ͻ 0.05).
Database
The database comprised 1687 neurons that met rigorous isolation criteria: 1301 from caudal PF (PFc) and 386 from dorsolateral PF (PFdl) . Of this population, 501 cells came from the monkey 1 and 1186 from Monkey 2. All analyses presented in this report were restricted to neurons that met the following inclusion criteria: activity was recorded for at least 50 trials, including at least four trials for each combination of previous goal location, previous goal features and previous outcome; and the cells needed to have an average activity rate of at least 1.0 spikes/s. Of the overall population, 1204 neurons met these criteria: 936 from PFc and 268 from PFdl. Of these neurons, 347 came from Monkey 1 and 857 came from Monkey 2.
Encoding from the previous trial Figure 3 shows the principal result. Of the several factors tested, only the previous outcome and the previous goal were significantly encoded during the prestimulus period. Approximately one-third of the sampled PF neurons showed a significant effect of the previous outcome (reward or nonreward; 393 of 1204 cells, 33%). Smaller but still significant percentages showed an effect of the location (left or right) of the previous goal (147 cells, 12%) or its color-and-shape features (121 cells, 10%). Both of these percentages exceeded chance levels ( p Ͻ 0.001, binomial test). As shown by the Venn diagram in Figure 3 , many neurons encoded conjunctions of goal and outcome on the previous trial (117 cells, 10% of the tested population; 18% of the neurons with significant effects of previous goal or outcome). Figure 3 also shows that our sample of PF neurons encoded the previous outcome and goal selectively. These cells did not encode other information from the previous trial, such as the color-andshape features of S2 (66 cells, 5%), the location of S2 (up or down from center; 59 cells, 5%), the distance of S2 from the reference point (71 cells, 6%), or whether the stimulus ultimately chosen by the monkey had appeared first or second during the previous trial (71 cells, 6%). None of these proportions significantly exceeded those expected by chance ( p Ͼ 0.05, binomial test). Table 2 gives the percentage of cells showing significant effects of each factor tested, for both PFc and PFdl. Results for the two monkeys were similar. Figure 4a shows a neuron from the PF cortex encoding the previous outcome. During most of the intertrial interval and the entire prestimulus period, this neuron was significantly more active after error trials than after correct trials. Figure 4b shows another cell that encoded the outcome on the previous trial. This neuron had higher activity after correct trials than after errors, and it showed this effect exclusively during the S1 period. Of the 393 neurons encoding the previous outcome, a higher proportion ( 2 test, 2 ϭ 18.9; p Ͻ 0.001) had greater activity after an error trial (227 cells, 58%) than after a correct trial (166, 42%), although behavior, in terms of error rate, did not vary according to the correctness of the previous trial. Figure 4c ,d shows the activity of a third example neuron, one that encoded the previous spatial goal. During most of the intertrial interval, the entire prestimulus period and into the first part of the S1 period, this cell had greater activity when the previous goal had been to the left (Fig. 4c) . This cell showed no effect of the previous stimulus (S2) location, above or below center (Fig. 4d) . Of the 147 neurons encoding the previous goal location, a greater proportion (binomial test, p ϭ 0.013) preferred a previous choice to the left (89 cells, 61%) than a previous choice to the right (58, 39%), which corresponded to a ipsilateral bias. Figure 5 shows an example neuron encoding a conjunction of features from the previous trial. This cell encoded a combination of the nonspatial and spatial features of the previous goal, with a preference for the red square to the right (Fig. 5, top left) . This preference developed during the last part of the intertrial interval and persisted into the first part of the S1 period. Note that this cell also encoded other aspects of the task, as indicated by the activity modulation before goal acquisition (bottom row).
Although there was no evidence of the monkeys applying a consistent strategy of staying or shifting in response to "wins" and "losses" on the previous trial (Fig. 2) , it was still possible that their strategy could change over time and correlate with neuronal activity during any given recording session. Accordingly, we tested for significant correlations between goal coding and two strategy indices (SI) (see Materials and Methods) calculated on a sessionby-session basis. For these indices, a value of Ϯ1.0 indicates the consistent use of either a stay or shift strategy, and a value of 0.0 indicates that the monkeys did not use either strategy. The low strategy indices of only 0.08 Ϯ 0.07 for SI features and 0.08 Ϯ 0.06 for SI location show that the monkeys did not use stay or shift strategies during individual recording sessions. Furthermore, there was no significant correlation between the strategy index and the encoding of either goal location (r ϭ Ϫ0.032; p ϭ 0.70) or goal features (r ϭ 0.052; p ϭ 0.57) for the cells with significant effects.
Time course of previous goal and outcome coding
A three-way ANOVA evaluated the time course of encoding the previous outcome, goal location and goal features. Figure 6 presents results for these three main effects, and Table 3 gives the results divided by area, along with the interactive effects. Figure 6a shows a progressive decline of each signal, as seen in the population average, over the duration of the current trial. Both location and feature encoding for the previous goal reached a chance level during the S1 period. In contrast, previousoutcome encoding, although experiencing a significant decay, persisted until the end of the S2 period. Figure 6a also shows that the signal for the same three factors was near the chance level when calculated for the trial two trials in the past. An ROC analysis (Fig. 6b) , which measured the level of encoding for all the three factors, confirmed the results from ANOVA.
The population plots in Figure 6 do not address how the encoding of previous goals and outcomes either decayed or emerged at the single-cell level during the course of a trial. Figure 7 does so, and to systematically search for carryover effects from the previous trial, we began this analysis with the intertrial interval.
We found that many cells encoded their particular signals during the prestimulus period, as expected from the population plots (Fig. 6) . However, approximately half of the neurons that encoded the outcome in the S1 period started to do so only after the prestimulus period (121 of 260 outcome-coding cells, 47%; Fig. 7a) as exemplified by the cell illustrated in Figure 4b . Likewise, a large proportion of neurons encoding the previous goal location in the S1 period began doing so only after the prestimulus period (71 of 94 cells, 76%; Fig. 7b) , and a similar result was obtained for neurons encoding the nonspatial features of the previous goal (66 of 84 cells, 79%, Fig. 7c ).
We performed a similar analysis for the persistence of goal-encoding signals from the RMT period of the previous trial Raster displays show spike (sp) times beneath spike-density averages. a, Activity of a PF cortex neuron encoding the previous outcome during the intertrial interval (ITI) and the prestimulus period, with a preference for error trials (light shading). Rasters are aligned on the go stimulus during the previous trial (left) and on the onset of the reference point (R) during the current trial (right). The ITI varied from 760 to 820 ms. Note the time gap between goal acquisition on the previous trial (G) and the onset of encoding the previous outcome. b, A different PF cortex cell, one that encodes the previous outcome during the S1 period with higher activity after correct trials (gray shading). Rasters are aligned on S1 onset. c, A third PF cortex cell, one with activity encoding the previous goal location, with higher activity after previous goals to the left (light gray shading). Shading and raster alignment as in a. d, The same cell as in c, showing that it did not encode the previous S2 position relative to the reference point. Rasters are aligned on the reference point onset (R). . Cell encoding both the location and features of the previous goal, with higher activity when the goal was the red square and when it was to the right. The display above each raster plot indicates the configuration of the two potential goal stimuli on the previous trial (shape only), and the goal selected (arrow). Rasters are aligned on the go signal during the previous trial (triangle); the cross to the right of the alignment line corresponds to goal acquisition on the previous trial (G) and the square mark indicates the onset of the reference point during the current trial (R). Abbreviations as in Figure 4 .
to the prestimulus period of a current trial. Only a small minority of cells encoding the previous goal location in the prestimulus period did so during the previous RMT period (13 of 147 cells, 9%, four of which changed their preferred goal location). A somewhat higher proportion of neurons selective for goal features in the prestimulus period also had this property during the previous RMT period (46 of 121 cells, 38%), but only about half of these cells (24 of 46, 52%) had the same preferred goal feature. The cell shown in Figure 5 exhibited such activity. Our findings reveal considerable independence in the coding properties of individual neurons across task periods. Figure  7 shows that for all of the variables encoded from the previous trial, many cells first developed their particular signal during the prestimulus period or during subsequent task periods, and not during the ITI. These observations rule out the possibility that the signals result from a simple continuation of activity from the previous trial. Even cells with previous outcome or goal encoding during the ITI do not always have this property in the earliest part of the ITI (Figs. 4a,c, 5 ), a property that also rules out carryover from the previous trial.
Discussion
We found that PF neurons encode and monitor previous outcomes and goals autonomously, i.e., regardless of task relevance and previous training. The goal coding includes both its location and nonspatial features, and the autonomous coding is selective in that it does not include other irrelevant information from the previous trial, such as order information, the position or nonspatial features of the previous cue (S2), or its distance from the central reference point. We also found that the coding of previous outcomes and goals did not reflect a simple continuation or carryover from the previous trial. Instead, a high proportion of neurons encoded outcome and goal signals at various times during a trial (Fig. 7) , as described previously for various within-trial effects (Takeda and Funahashi, 2007; Sigala et al., 2008; Genovesio et al., 2012) .
As reviewed in the Introduction, many previous studies have documented the encoding of previous goals and task-irrelevant stimuli by PF neurons, including for the two areas studied here: PFdl and PFc. The present report, however, is the first to demonstrate encoding that is both autonomous, in that the monkeys had not learned to use that information in an operantly conditioned behavior, and selective for previous outcomes and goals.
Although irrelevant to the present task, the monitoring of previous goals and outcomes often contributes to general problem solving. Our results thus support the idea, derived mainly from neuroimaging and lesion studies (Duncan, 2010) , that PF contributes to this function.
Irrelevant information
Many neurophysiological studies show that irrelevant information can modulate PF activity (Mann et al., 1988; Chen et al., 2001; Lauwereyns et al., 2001; Genovesio et al., 2006b) , although some did not (Rainer et al., 1998; Everling et al., 2006) .
Often, the irrelevant information has been relevant in a subject's experience. For example, Lauwereyns et al. (2001) described the activity of neurons in a go-no-go task. The monkey's choice depended on either the direction of visual motion or color. The irrelevant dimension affected cell activity, although much less than did the relevant dimension. Likewise, Kim et al. (2008) reported PF neurons that encoded the number of stimuli, which indicated the duration of a delay period. This property persisted during blocks of trials in which the stimuli ceased to indicate any task-relevant information. Cells in the frontal eye field show an enhanced representation of distractors that had been the target during previous visual search trials (Bichot and Schall, 1999) . These examples, and others (Mann et al., 1988; Lauwereyns et al., 2001; Genovesio et al., 2006b; Kim et al., 2008; Tsujimoto et al., 2012) , show that the encoding of irrelevancies can occur when information that is temporarily irrelevant has been relevant in the past (and might become relevant again). Specific task demands could also have an effect. For example, biased competition (Desimone and Duncan, 1995) might suppress the irrelevant signal more within a given processing system, such as the ventral visual stream (Rainer et al., 1998) , than for information from different processing streams (Lauwereyns et al., 2001) .
In another analysis from the present dataset (Genovesio et al., 2011) , only 9% of the cells encoded the distance of S1 from the reference point during the D1 period. This information is not only relevant, but it is necessary for successful task performance because it must be used in a subsequent comparison. Yet this highly relevant signal appears to be less prominent than the irrelevant information about the goal chosen on the previous trial, as reported here.
In the present task, the irrelevant information from the previous trial had little effect on either behavior or cell activity. We found, for example, that trial history had only a minor effect on RT (Table 1) , and there was no relationship between trial history and neural modulation.
Irrelevant information about the previous goal could be encoded as part of a high-dimensional representation of experienced events (Rigotti et al., 2013) . In this context, the irrelevant information allows a network to adapt flexibly to future tasks simply by modifying the weights of a readout neuron that operates as a classifier.
Goal and output monitoring
Several studies have shown that PF neurons encode future (Rainer et al., 1999; Genovesio et al., 2006a Genovesio et al., , 2012 Tanji and Hoshi, 2008; Tsujimoto et al., 2008 Tsujimoto et al., , 2012 and previous (Barraclough et al., 2004; Tsujimoto and Sawaguchi, 2004; Genovesio et al., 2006a) Tsujimoto and Postle (2012) reported the results of disrupting parts of PFdl on a variant of the spatial delayed-response task. Previous experiments had concluded that small lesions of PFdl caused a mnemonic "scotoma", i.e., the loss of spatial working memory for a portion of the visual field (Funahashi et al., 1993) . Tsujimoto and Postle (2012) found, however, that incorrect responses tended to be associated with the goal location on the previous trial, and after that error the monkeys usually made a corrective movement to the cued location. Thus, the impairment after PFdl lesions seems to be in goal or output monitoring, and is not accurately characterized as a mnemonic scotoma.
PF has been implicated in goal or output monitoring by other tasks, as well. For example, the self-ordered task requires subjects to monitor previously chosen objects in a set of objects. PFdl lesions cause an impairment in this task in monkeys, and cortical activations are observed during the performance of this task in humans (Owen et al., 1996; Petrides, 2005) . Output monitoring is also required in tasks involving the switching among abstract rules or relevant stimulus dimension. The effects of lesions, neuronal activity, and imaging activations for these tasks (Wallis et al., 2001; Mansouri et al., 2006 ) support a role of PFdl in output monitoring, specifically in monitoring chosen goals. Passingham and Wise (2012) advanced a detailed argument to support a role for PFdl in monitoring potential goals in terms of order information, as opposed to the maintenance of spatial working memories.
Surprisingly, we found an ipsilateral preference for previous goals, as reported for postsaccadic activity in PFdl (Rao et al., 
